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Method and system for the electronic provision of services for machines via a 
data communication link 

[0001] The invention relates to a system for computer-aided handling and 
management of a numerically controlled industrial processing machine, and an 
apparatus and a corresponding method for computer-aided provision of 
machine-related data and/or services. 

[0002] In the area of industrial automation technology and, in particular, in the 
field of numerically controlled processing machines, manufacturers offer 
% service in the form of control technology and corresponding software 

P components for other manufacturers of original accessories (Original 

=s Equipment Manufacturer, OEM), who manufacture and market industrial 

fU processing machines. 

s _ [0003] Such OEMs generally have good relationships with their end- 

P customers, who are often themselves manufacturers of accessories and 

operate the machines and their accessories acquired from the OEMs. 

3 

111 [0004] Such OEMs not only develop and market goods such as machine tools, 

but, going beyond this, also offer service for the products which they and others 
sell to end-customers. Since the marketed products are generally highly 
complex, there are high requirements for, and difficulties in, the provision of 
such services, for which a large amount of information is needed with reference 
to the operation of their machine tools. 

[0005] The significant difficulties in the provision of such services consist in 
obtaining access to information needed for the service of the machines to be 
maintained. In this case, this also concerns to a great extent items of 
information that have to be obtained directly from the processing process of the 
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machine tools. Appropriate software components for such machine tools or 
other industrial processing machines are generally highly specialized in terms 
of the implementation of the actual control task. With regard to the acquisition 
of machine data going beyond this, however, for the reasons mentioned above, 
beyond the immediate control of the machine, no further machine information is 
conventionally provided. 

[0006] For these and other reasons, manufacturers of numerical control 
systems and corresponding software components for industrial processing 
machines were not in a position to supply performance improvements on such 
machines to their end-customers, directly or via OEMs, on the basis of 
Ls knowledge-based information. 

;f. [0007] For this reason, there is a great need, on the basis of such ongoing 

machine state data, primarily for maintenance and service purposes, to make 
yg services and machine-related know-how available to end-customers as quickly 

w as possible and at any location. As a result, the availability of such machines, 

O their lifetime and their productivity may be decisively improved. 

[0008] Previously, no methods or apparatus have been disclosed on the basis 
of which either services or software components could be developed that would 
permit services based on collected machine data. These would also permit 
automated services that were formerly not possible to implement. Moreover, it 
has not previously been possible to provide services tailored specifically to the 
processing machine of an end-customer within a reasonable time frame, since 
the capacities of the service providers are generally inadequate to do so. 

[0009] For this reason, it is conventional for service personnel with 
corresponding know-how to be dispatched to the end-customer in order to: 
analyze the machine, physically and manually, while on-site, and therefore 
primarily in response to specific requirements of the end-customers; to obtain 
appropriate machine data on-site; and, on this basis, to offer the corresponding 
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[0010] In this way, however, it is not possible to offer real-time related, or 
particularly computationally-intensive, services such as axis analyses, for 
example, or other optimization, machine calibration, software services, 
machine data management or other dynamic intervention in the machine. 



[001 1] It is precisely this, however, that would be particularly important for end- 
customers in order for them to shorten their development times, to increase 
their market presence and to ensure maximum availability of the machines. 

y, [001 2] It is therefore an object of the present invention to provide a method 

and a corresponding apparatus which, without a physical presence on-site, 
fJl also make available particularly computationally-intensive data or services from 



j; 



a manufacturer or provider of accessories for the machine of an end-customer. 

[0013] According to the present invention, this object is achieved by a system 
O for computer-aided handling and management of a numerically-controlled 

Lj. industrial processing machine, having the following features: 

£ - a main computer (host) to produce and provide machine-related data and/or 

O 

n services and 

- a machine-side working computer (client), which is connected to the main 
computer via a data communication link and by means of which (client) 
machine state data can be acquired in real time and transmitted to the main 
computer, and by means of which machine-related data and/or services 
generated by the main computer as a function of such machine state data can 
be received by an analysis and evaluation unit. 

[0014] In this case, it has proven to be beneficial if the main computer has a 
communication link to a higher-order computer system of a machine 
manufacturer or a manufacturer of machine components, via which access to 
system data of the main computer can be granted to the higher-order computer 
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system by the main computer. In this way, service routines, in particular 
software components, and the computing capacity of such a computer, can be 
used for the analysis of captured the machine data. 

[0015] If the machine-side working computer (client) has a unique identification 
means with respect to the main computer (host), in particular an identification 
code, then the main computer (host) can associate machine state data 
received from this working computer with this working computer. In this way, 
comprehensive archives with machine-related data from various end- 
customers and machines can be generated, which can be used, for example, 
for statistical purposes or to construct a fault history. 

H. 

[0016] The data communication link between the main computer (host) and the 
Ul working computer (client) is advantageously a connection via an Internet or 

J=" Intranet. 

i 
iii 

~ [0017] Here, it is possible for the determination of machine state data on the 

Q part of the working computer (client) to be controlled via instructions received 

y, from the main computer (host) via the Internet or Intranet. 

m 

O 

pj [0018] This succeeds particularly effectively if Internet pages or Intranet pages 

for the user-aided selection of options provided therein can be transmitted from 
the main computer (host) to the working computer (client). 

[0019] Furthermore, the object of the invention is also achieved by a method 
for computer-aided production and provision of machine-related data and/or 
services for a numerically-controlled industrial processing machine, a main 
computer (host) and a machine-side working computer (client) communicating 
via a data communication link, having the following method steps: 

- acquisition of machine state data on the part of the working computer (client), 

- transmission of the acquired machine state data via the data communication 
link to the main computer (host), 
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- generation of machine-related data and/or services on the part of the main 
computer (host) as a function of such machine state data and 

- provision of these machine-related data and/or services to the working 
computer (client) or its user. 

[0020] Here, it has proven to be particularly beneficial if machine state data are 
acquired in real time on the part of the working computer (client). 

[0021] Here, too, the advantages already mentioned with regard to data 
archiving can be achieved by a unique identification means, in particular an 
identification code, associated with the machine-side working computer (client) 
y, being transmitted to the main computer (host). To this end, the main computer 

: t_ (host) associates machine state data received from a working computer to this 

li working computer by using the identification means. 

m 
m 

m [0022] In this way, the creation of a database with machine-related data for a 

plurality of industrial processing machines is enabled, whereby a common main 
Q computer (host) performing computer-aided generation and provision of 

jy^ machine-related data and/or services, as described above, for a plurality of 

W working computers (clients) is associated with the industrial processing 

o 

iy machines, and whereby a data set with the machine state data from one of the 

working computers (clients) is generated in a storage means and the unique 
identification code associated with this working computer is determined, and an 
item of information corresponding to the identification code is appended to the 
data set. 

[0023] The machine state data preferably comprise program data, servo data, 
motor data, converter data, position data or sensor data. Furthermore, 
however, depending on the application, additional machine state data can also 
be determined. 

[0024] According to a further advantageous refinement of the method of the 
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present invention, the working computer (client) buffers the acquired machine 
state data in a storage means before the data are transmitted to the main 
computer (host). 

[0025] Such a transmission of machine state data stored in the storage means 
is preferably carried out via the data communication link to the main computer 
(host) under time control or event control. Furthermore, it is advantageous if 
automatic analysis or evaluation of received machine state data is carried out 
on the part of the main computer (host). 

[0026] The object of the invention is further achieved by a method for 
computer-aided provision of machine-related data and/or services from a main 
computer of a service provider to a working computer of a processing machine 
of a customer via a network, the working computer of the processing machine 
of the customer having a system for the control and/or monitoring of the 
processing machine and a suitable sensor for acquiring machine state data and 
being connected to the network, having the following method steps: 

- transmission of information relating to the availability of machine-related data 
and/or services from the main computer to the working computer, 

- receipt of a request for machine-related data and/or a service from the 
working computer on the part of the main computer, 

- transmission of information with reference to requisite machine state data to 
be acquired by the working computer from the main computer to the working 
computer, 

- receipt of data from the working computer containing the requisite machine 
state data on the part of the main computer, 

- generation of the machine-related data requested by the working computer 
and/or the requested service by the main computer and 

- transmission of the machine-related data requested by the working computer 
and/or the requested service from the main computer to the working computer. 

[0027] In order to register the cost incurred by the services provided, it is 
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further advantageous if the main computer receives and stores information with 
respect to a payment for requested machine-related data and/or services from 
the working computer. In order to register price information for payment, the 
following further method steps have additionally proved to be beneficial: 

- determination of a first item of price information as fixed costs of a 
predetermined repeated time period, in particular a monthly time period, 

- determination of a second item of price information as variable costs as a 
function of a service provided. 

[0028] For the computer-aided provision of services for optimization purposes, 
according to a further advantageous embodiment of the invention, the following 
further method steps are carried out: 

- generation of a data structure to accommodate data with reference to a 
service, 

- storage of first data in the data structure, which represent the identity of a 
customer, in particular of the unique identification code, and 

- storage of further data in the data structure, which represent the identity of 
the service. 

[0029] Here, the following further method steps have proven to be 
advantageous: 

- determination of measured data with reference to the service provided to the 
customer and 

- storage of further data in the data structure, which represent these measured 
data. 

[0030] Furthermore, the object of the invention is achieved by an apparatus for 
computer-aided provision of machine-related data and/or services on a main 
computer of a service provider for a working computer of a processing machine 
of a customer via a network, in particular with a system for computer-aided 
handling and management of a numerically controlled industrial processing 
machine as outlined above, the working computer of the processing machine of 



Express Mail No. EL608305384US 



7 



Attorney Docket No. 1140668-0006 
the customer having a system for the control and/or monitoring of the 
processing machine and a suitable sensor for acquiring machine state data and 
being connected to the network, having the following further main computer 
features : 

a means for transmitting 

- information relating to the availability of machine-related data and/or 
services from the main computer to the working computer and 

- information with reference to requisite machine state data to be acquired 
by the working computer from the main computer to the working computer 
and 

- the machine-related data requested by the working computer and/or the 
M, requested service from the main computer to the working computer and 

y - a means for the receipt 

O 

||1 - of a request for machine-related data and/or a service from the working 

rii 

computer on the part of the main computer and 
ip - of data from the working computer containing the requisite machine 

state data on the part of the main computer and 
P - a means for generating the machine-related data requested by the working 

L= computer and/or the requested service by the main computer. 

W 

-7. [0031] This may be implemented particularly effectively if the means for 

generating the machine-related data requested by the working computer and/or 
the requested service by means of the main computer comprises an Internet 
web server and the main computer is suitably programmed to use it to produce 
Internet web pages. 

[0032] Here, too, it is advantageous if the working computer of the customer 
has a unique identification means, in particular an identification code, for the 
processing machine and if the main computer has a storage means, in 
particular a database, to accommodate information from the working computer 
in conjunction with the identification code. 
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[0033] Finally, the object of the invention is also achieved by means of an 
apparatus for computer-aided provision of services for an automation system 
via a network, in particular with a system, described above, for computer-aided 
handling and management of a numerically controlled industrial processing 
machine, having the following features: 

- a means for loading instructions into the automation system, the instructions 
controlling at least one function or another aspect of the automation system, 

- a means for receiving customer-related system data from the automation 
system via the network, such system data being collected as a function of the 
loaded instructions, 

- a means for generating suitable services for the automation system as a 
function of the collected customer-related system data and 

- a means for transmitting such services to the automation system of the 

m customer via the network. 

fU 
RJ 

yQ [0034] Here, it has proved to be beneficial if a means for providing a selection 

of options of the service is provided on the automation system of the customer 

o via the network. This, likewise, applies to a means for selecting one of the 

u 

jy, options of the service on the part of the automation system of the customer. 

b 

o 

m [0035] Further advantages are obtained if the automation system has a 

network interface for communication via the network and for receiving the 
service information, and a means (machine agent) is provided for generating 
machine-executable program sequences on the basis of the received services, 
the network interface and the means for generating machine-executable 
program sequences exchanging data via a predefined data format. This 
succeeds particularly effectively if the network interface comprises an Internet 
browser. 



[0036] The above-described method according to the invention may be used 
particularly well for remote commissioning or remote maintenance of an 
industrial working machine. 
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[0037] In addition, a use is also recommended for implementing a subset of 
the following measures: 

- electronic measurement of workpieces, tools and clamping means for the 
diagnosis of problems in the event of deficient workpiece quality or for the 
dialog-guided correction of the relationships, 

- indication of the relationships of process variables such as laser output, feed 
speed or tool rotational speed and feed speed, 

- analysis of the tool paths in the Cartesian coordinate system, with correction 
or statements relating to a good part/poor part, 

- monitoring of process variables with limiting value monitoring and/or 
correlation monitoring, 

- program analysis by processing a program in a virtual simulation of the 
processing machine, 

- automatic creation of commissioning logs for the seamless documentation of 
the commissioning state, 

- automatic creation of service and maintenance logs for the seamless 
documentation of the machine history, 

- evaluation for the diagnosis of exceptional and fault situations, 

- saving and archiving configuration data, user data and programs for the 
reconstruction of states or for the detection of changes affected by problems. 

[0038] Such an online service according to the invention, also referred to 
below as an ePS network (electronic production services) improves the 
machine availability for the manufacturers and increases the availability of the 
machines for the users. 

[0039] The E-business infrastructure according to the invention permits the 
machine manufacturers to maintain the machines of their customers 
significantly more simply and more efficiently. All ePS services are carried out 
with high online safety. 
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[0040] ePS services which are offered to the machine users are based on 
minimizing the operating costs, increasing the lifetime of the machine, 
improving the product quality, increasing productivity and ensuring maximum 
availability of the production means. 

[0041] Further advantages and details of the present invention emerge by 
using the exemplary embodiments illustrated in the following text and in 
conjunction with the figures. In each case in a basic representation: 

FIG 1 shows a block diagram of a system according to the invention for 

providing automated services via a network, and also alternative or 

supplementary manual services, 
FIG 2 shows a block diagram of a system according to the present invention 

for providing automated services and/or data to an end-customer via 

a network, 

FIG 3 shows a block diagram of an advantageous embodiment according to 
the invention, 

FIG 4 shows a further block diagram of a client-server architecture based on 
the present invention with emphasis on the client/working computer 
side, 

FIG 5 to FIG 7 

show various phases and parameters for carrying out a circular 
shape test with a system according to the invention. 

[0042] The representation according to FIG 1 shows, at a high level of 
abstraction, how, on the basis of an Internet connection, automatic services AS 
or data contents or software components required for this purpose are made 
available to a plurality of end-customers having machines S1 ...SN, with which 
information is exchanged bi-directionally. In addition, a conventional provider 
MS of manual services or engineering services (e.g. OEM) is shown, who 
likewise communicates with the final customers and their machines S1...SN, 
but in a conventional way. The drawback with such an arrangement or such a 



Express Mail No. EL608305384US 



11 



Attorney Docket No. 1140668-0006 

system is that no communication takes place between the provider of the 
Internet-based automatic services and the provider of conventional manual 
services. As a result, it is not possible for the technical expertise available on 
both sides to be used. 

[0043] The representation according to FIG 2 shows, in the left-hand area of 
the figure, the conventional production chain or supplier chain of machine tools. 
A supplier 2 of an automation product, who accepts responsibility for the 
control hardware and software, markets his products and services to a 
customer, as a rule, a machine tool OEM 3. The OEM, for his part, constructs 
the actual machine tool on the basis of the control systems acquired with 
additional, self-manufactured or purchased components. This machine tool is 
normally marketed to end-customers 4, as they are known, who are generally 
fabrication companies. 

[0044] A provider 1 of the automated services according to the invention on 
the basis of a network, in particular an Internet connection, is generally in 
mutual communication with all three of the aforementioned parties. A provider 1 
of automated services according to the invention is preferably also in contact 
with further providers of software tools 5 or specific services 6 and also with 
further Internet partners 7 (cf. right-hand area of the figure). 

[0045] FIG 3 now shows a more detailed representation of the main actors 1, 3 
and 4 from FIG 2. The service provider 1 has an e-business main computer or 
host 8, which communicates with a system or customer database 9 and is 
operated by an interactive user 10. Via an open application programming 
interface 1 1 (API), as it is known, an OEM partner 3 is permitted access to the 
data content provided by the main computer 8. 

[0046] A further interactive user 12 on the side of the OEM partner 3 can, in 
this way, profit from access to the aforementioned customer data or the 
customer database 9, as will be explained in more detail later. This preferably 
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takes place by means of communication by means of a main computer or host 
13 on the side of the OEM partner 3, via a network connection, for example an 
Internet connection 14. For this purpose, measures are preferably used for 
secure communication, for example encryption methods (channel encryption or 
asymmetric document encryption) and also methods of securing data integrity 
(for example generation of hash values). 

[0047] On the end-customer side 4, via appropriate interfaces, components 15 
to 19 are connected to the network, for example the Internet connection 14, 
and, therefore, to the systems of the service provider 1 and the OEM partner 3. 
These components on the end-customer side 4 may be both components to be 
maintained and components that supply data (for example CNC/PLC systems 
15, peripheral devices or sensors 16, controllers 17, workstation computers or 
PCs 1 8 or main computers/hosts 1 9). 

[0048] The representation according to FIG 4 now shows the structural and 
functional relationship according to the present invention between a client 
system or working computer 21 belonging to an end-customer and a main 
computer 8 of a service provider, and also an exemplary machine tool 20. In 
this case, particular emphasis is placed on the technical implementation on the 
part of the client/working computer of an end-customer. The client system or 
the working computer 21 of the end-customer comprises, inter alia, a controller 
with a human-machine interface (HMI), that is to say the area of the controller 
with which a machine operator interacts. Via this interface, access to various 
applications is granted. In addition, a numerical controller NC is provided, 
which comprises a control unit NCU and a control core NCK. 

[0049] The controller of the human-machine interface 21 of the working 
computer has a bidirectional communication link to the main computer 8 of the 
provider of automated services via a network, preferably via an Internet 
connection 14. This is preferably provided via an Internet browser 23, which 
runs on the software layer of the operating system of the working computer and 
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via which Internet pages - web pages, as they are known - can be loaded 
from the main computer 8. 

[0050] A machine operator can, in a conventional way, access an Internet 
page, in order to request specific data contents from the main computer. The 
main data transfer takes place from the main computer 8 to the Internet 
browser 23. Stimulated by reactions of a machine operator, the selection of 
specific options or parameters, for example, associated information is then 
transported back to the main computer 8 via the Internet connection 14 (for 
example the world-wide-web WWW). In this phase of the communication 
between working computer 21 and main computer 8, however, no 
control-related data are, as yet, transmitted to the main computer 8. 

[0051] Furthermore, the working computer/client 21 also has a machine 
service program or machine agent 22, which likewise executes in the context of 
the human-machine interface and the numerical control and is in a position to 
accept command instructions from the main computer side 8 and to generate 
machine-executable jobs 24, 25, as they are known, which can be executed 
directly by the numerical controller. For this purpose, the machine agent 22 is 
connected to the actual machine tool 20, a robot or the like via a control 
interface 27 (NC interface). 

[0052] The machine agent 22 and the browser 23 communicate via a machine 
agent interface 26, which converts services or data loaded from the main 
computer 8 via the browser 23 into a machine-executable format. 
Machine-executable jobs 24, 25 generated in this way can include both 
instructions to execute one or more machine-tool commands to be carried out 
by the numerical controller, and also instructions to acquire available machine 
state data or other control-related data. Data acquisition can be carried out on 
the basis of already existing sequence tracking, as it is known, or trace 
functionality, of known machine-tool systems. Within the scope of the present 
invention, however, improved trace functionalities for acquiring machine state 
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data can also be imagined, and will be presented at a later point. 

[0053] For safety reasons, it is also possible to imagine that the initiation of 
machine-tool commands assumes some manual release by a machine 
operator. Acquired machine state data can then be transmitted to the main 
computer 8 from the machine agent 22 in conjunction with a job and the 
sequence of such jobs to be processed. Such a data transfer is indicated in 
the context of FIG 4 by the upper arrows, which run only from left to right. 
Such a transfer is therefore preferably unidirectional and does not necessarily 
have to comprise a communication link via the Internet; instead, it is also 
possible to imagine any desired other network link, for example by means of a 
remote access, as it is known, to a local network LAN belonging to the service 
provider 1 . 

[0054] In this connection, the object is primarily to select a secure and, above 
all, also a fast communication link. This is because it is not always possible to 
ensure that machine state data, which are primarily acquired in real time and 
only arrive at the service provider with a considerable delay on the side of the 
main computer 8, can be processed quickly enough to generate the requested 
data or services in good time and transmit them back to the working computer 
21. 

[0055] On the part of the main computer 8 of the service provider 1 , a large 
number of various types of associated data or services can be produced for the 
owner or operator of the working computer 21 , as a function of the received 
machine state data. Possible examples are listed below. 

[0056] For this purpose, a concrete implementation of an ePS service 
mentioned at the beginning and based on the present invention will be 
described. 

[0057] The CNC/PLC machine equipment (PLC stands for programmable logic 
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controller) is connected to the ePS server via the Internet. Machine data from 
the production process are depicted in real time via the ePS server and are 
compressed, analyzed and assessed there. The results obtained from these 
data with respect to machine condition, machine utilization, process stability, 
workpiece quality and the long-term state changes in the machine that are to 
be derived, are transmitted to the customer via the Internet. 

[0058] The ePS system offers an open programming interface (API) for user 
and manufacturer. As a result, ePS customers can also integrate their own 
application/machine know-how in the form of an e-service. ePS customers can 
activate their desired e-services online from the ePS service range via the 
machine controller or via a PC. 

[0059] The ePS service range comprises, for example, the following e- 
services: 

- Machine services 

- Machine performance 

- Workpiece services 

- Data management 

- e-sales. 

[0060] The ePS service "machine services" supports the commissioning (CAR, 
computer-aided runoff) and fault analysis in the event of service. 

[0061] Via the "machine performance" service, the variance of the results of 
the cyclically repeated CAR messages can be shown. The e-service 
"workpiece services" secures the process stability and the workpiece quality via 
the real-time acquisition of the machine data. Furthermore, with this service, 
early detection of weak points is made possible by way of visualizing NC 
programs and their processing in the controller. The weak points, thus 
detected even before processing, can be eliminated. 
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[0062] Data management is a web-based archiving and management service 
for control data, such as NC programs, machine data and parameters. These 
data are useful, in particular, to customers who do not have their own EDP 
infrastructure. This service makes it possible for the customer to resume 
production quickly with high data integrity in the event of their own data losses. 

[0063] Given the increasing complexity of machines and higher dependence 
between machine components and electrical equipment components, machine 
users (end-customers) and even machine manufacturers, rapidly run up 
against their limits when it is a case of increasing the productivity, the accuracy, 
the quality, or the process stability of the machine/plant. 

[0064] To increase the productivity, the accuracy, the quality or the process 
stability of a machine/plant, a person with expert knowledge (in a special field) 
is typically sent to the machine site. In rare cases, a point-to-point connection 
from the automation component (for example a controller) via a modem to a 
computer at the machine manufacturer is made, and the expert at the machine 
manufacturer attempts to perform the optimization or elimination of faults via a 
"remote human machine interface". 

[0065] The following business models then solve this described problem on 
the basis of the present invention using the previously described system. In 
this case, a distinction can be drawn between a business model (A) and the 
provision of services (B) via a business model, for example business model 
(A). 

[0066] Business model A comprises, for example, the following measures: 

[0067] - recording (real-time) data (for example program data, servo data, 
motor data, converter data, positions, sensor data) by means of an automation 
component; subsequent storage of these data in a memory; 



Express Mail No. EL608305384US 



17 



Attorney Docket No. 1140668-0006 



[0068] - subsequent transmission of the data from the memory (for example 
under time control or event control) via the Internet into a computer (evaluation 
and analysis unit); subsequent evaluation/analysis/ measurement of these data 
in a computer (generally automated and not carried out by people); 

[0069] - then a reaction/response via various transmission paths (for example 
via the Internet, via e-mail, via mobile phone, via beeper, via radio, via 
telephone, etc.); then, if appropriate, closure of the "control loop" by recording 
(real-time) data (for example program data, servo data, motor data, converter 
data, positions, or sensor data). 

[0070] Via such, or similar, business model, for example business model (A), 
the following services (B) can then be provided. 

[0071] By evaluation, analysis and measurement of these data in a computer, 
for example, the following are meant: 

[0072] - Electronic measurement of workpieces, tools and clamping means 
(from the recorded (real-time) data and not by measuring the physically present 
workpiece), firstly for the diagnosis of problems in the event of defective 
workpiece quality (as a result of excessive overruns, unstable controller 
conditions, faulty corrections, etc.), and, secondly, for the dialog-guided 
correction of the relationships. 

[0073] - Indicating the relationships of process variables, for example laser 
output and feed speed, or tool rotational speed and feed speed. From these 
evaluations, conclusions can be inferred about process quality, fabrication 
tolerances, etc. and, if necessary, corrected. In the case of a satisfactory state 
of the tool (well-focused laser, satisfactory milling tool state and geometry), a 
stable process can be documented. A stable process simultaneously means a 
stable result. Accordingly, in many cases subsequent measurements can be 
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forestalled, or problems detected, without having to wait for measured results. 

[0074] - Analysis of the tool paths (in particular on non-Cartesian machine 
tools) in the Cartesian coordinate system with possible correction or statement 
relating to a good part/poor part. For instance, in many parallel kinematic 
machines, geometric fault sources in the joints are not accessible for 
measurement. Such faults lead to the tool tips being moved incorrectly in 
geometric terms. Such problems can be recognized and corrected via 
redundant measuring systems. 

[0075] - Monitoring of process variables with limiting value monitoring and/or 
correlation monitoring. Assessment of the limiting values/correlations with 
expert systems and correction or process termination. 

[0076] - Program analysis by executing a program in a virtual CNC (including 
interpolation data, position controller data) following objectives: optimizing the 
running time, optimizing the workpiece quality, optimizing the tool change, 
monitoring collisions, monitoring geometric data, etc. 

[0077] - Automatic creation of commissioning logs for the seamless 
documentation of the commissioning state. Here, a series of measurements, 
such as circular shape tests, positional measurements, measurement of speed 
profiles, drive currents and torques, is carried out. These show, first of all, the 
satisfactory state of the machine during the commissioning. Second, they 
serve as an "electronic fingerprint" of the machine, which is suitable to detect 
wear-induced changes in the machine during operation in good time. The 
measurements that form the electronic fingerprint may be combined into a 
macro, and can then be repeated periodically in an identical way in the form of 
batch jobs, as they are known (diagnostic batch). 

[0078] - For instance, a periodically repeated circular shape test can be used 
to detect loose or cyclic faults as a result of wear of the recirculating ball screw 
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or of gearboxes or other force transmission mechanisms, such as toothed 
belts, etc. 

[0079] An example of such a circular shape test, which is carried out via the 
described ePS system according to the invention, is represented in FIG 5 to 
FIG 7, whereby in each case the machine state data being acquired and 
present on the side of the main computer, and communicated to the provider of 
the automatic service "circular shape test" via the Internet, are produced 
graphically. In this way, either a specialist at the manufacturer can perform the 
required actions on the machine manually, or this can preferably likewise be 
carried out automatically via an electronic service via the Internet connection, 
such that, if required, appropriate correction parameters are transmitted to the 
working computer. 

[0080] To this end, the measurement method and then the plane to be tested, 
x-y, x-z or z-y, is first selected (cf . FIG 5 with selection of the x-y plane). 
Further on, the parameters for performing the circular shape test are 
predefined. These are, in particular, the diameter D, center C, tolerance band 
T, feed speed F and direction (in the clockwise or counterclockwise direction), 
which defines the predefined circular path P (cf. FIG 6). 

[0081] FIG 7 shows the actual position values, determined by means of the 
aforementioned parameters, of the circle described by the machine, that is to 
say the measured contour M, which may deviate from the ideal path P. In 
addition, a possible shift C-offset with respect to the specified center C of the 
circle is indicated. There is, then, the possibility of archiving the resultant data, 
it being possible for this purpose for the data to be linked with an identification 
code I of the machine tested and possibly also of the end-customer. 

[0082] On the basis of the irregularities determined in this way, it is then 
automatically possible, by means of appropriate software from the 
manufacturer, to generate corrective measures and, as an automatic service, 



Express Mail No. EL608305384US 



20 



Attorney Docket No. 1140668-0006 
to perform an adaptation or compensation of the causative parameters or 
components of the machine. 

[0083] Irregularities of the axle guidance systems can be detected by means of 
an irregular current waveform or speed waveform (waviness measurements). 
Instabilities of the position controller resulting from altered frictional conditions 
can be discerned by observing dynamic positional behavior (overshooting). 
The object of the measurements is, for example, to avoid wear-induced 
stoppages of the machine, as a result of the fact that the wear is detected early 
and in an automated manner (long-term wear diagnosis); and affected parts 
can be procured in good time (for example by means of automatic orders via 
e-sales) and can be replaced during planned maintenance periods. 

[0084] If external measuring means are used (for example a ball bar or laser 
measuring system), a further object is to calibrate internal measuring systems 
in order to be able to dispense with external measuring means in the case of 
repeated measurements. 

[0085] For example, in the case of a circular shape test, which uses only the 
motor measuring system, looseness in gearboxes or in the recirculating ball 
screw cannot be readily detected in this way, but can be seen very easily by 
using a ball bar. If a plurality of parameters are recorded simultaneously (for 
example overrun and currents in additional to the measuring system), 
looseness can nevertheless be detected, assuming appropriate inertial 
conditions. 

[0086] From the comparison between one and the same measured variable 
from different sources (for example external distance measured signal, linear 
scale or motor measuring system), far-reaching conclusions may be drawn as 
to the machine state. 

[0087] - Automatic creation of service and maintenance logs for the seamless 
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documentation of the machine history (cf. the archiving possibility indicated in 
FIG 7). In case of a problem, therefore, remote diagnosis of a machine is 
made very easy. Design problems can be detected in good time by means of 
frequency analysis of specific faults and can be eliminated. 

[0088] The construction of expert networks via ePS host about the processing 
problems in extremely different areas can be exchanged. For instance, in the 
event of problems, requests to a defined group of other experts can be 
addressed directly by the machine. 

[0089] - Evaluation for the diagnosis of exceptional and fault situations. In this 
case, fault lists, existing alarms, parameters, of the current machine state at the 
time of the occurrence of the fault (such as the PLC status, the state of the I/O, 
the desired and actual positions as a crash monitor) are recorded in the 
manner of a flight recorder and are available both to the machine operator and 
to service engineers from the supplier immediately via the web (service 
history). At the same time, via a configurable list, specific persons are informed 
about the problem via SMS or e-mail. This makes it possible to offer the 
operator a dialog-guided aid for eliminated faults. If this does not lead to the 
elimination of the fault, quick and efficient remote diagnosis is possible together 
with the standard measurements described above. If no success is achieved, 
an attempt is made to solve the problem with the aid of a multimedia remote 
operation. As a result, the service operations on-site can be replaced, at least 
partially. In the event of unavoidable service operations, these can be better 
prepared for. 

[0090] Monitoring of overhaul plans by means of appropriate data exchange 
with the host. If appropriate, in the event of non-compliance, the machine can 
be temporarily blocked. This can be controlled by appropriate 
acknowledgement functions. 

[0091] Visualization of the NC program in the form of tool paths, points and 
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their linking to form a virtual workpiece surface (surface feedback), which can 
be investigated via various illuminations from different directions and sources. 

[0092] Visualization of the control behavior (interpolated points, position 
controller behavior) in the same way. 

[0093] - Communication of machine state data to higher-order systems such 
as: ERP systems, with the objective of optimizing the overall fabrication and 
improving production planning. 

[0094] - Saving and archiving configuration data, user data and programs with 
the objective of being able to access all versions of the control data at any time, 
in order to be able to reconstruct states, if appropriate, or to detect problematic 
changes (data comparison). The possibility of complete backup via remote 
server, of interest to relatively small firms. 

[0095] The product data for automation components (controllers, drives) and 
other machine components (parts lists, product descriptions, etc.) are available 
at any time via the ePS host. 

[0096] It is not necessary for any person with expert knowledge to be 
dispatched to the machine in order to perform the above-described 
improvements, optimizations, etc. It is often even possible, without the system 
according to the invention, for a number of persons with expert knowledge to 
be sent to the machine. With this invention, the expert knowledge is brought to 
the machine via the Internet and, at the machine, only the machine operator is 
available in order to confirm possible machine (travel) commands. 

[0097] The use of a browser 23 (cf. FIG 4) is not absolutely necessary; a direct 
connection to the Internet or to another communication network may also be 
made. With regard to the abovementioned trace functionality, mention should 
also be made of the fact that such a function generally supplies control and 
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drive data in a particularly optimal fashion. However, whether such a 
functionality is provided directly, or with the inclusion of additional services or 
modules, generally depends on the application. A distinction is generally 
drawn between a "normal" trace functionality, as it is known, in which a trace is 
started and ended at fixedly defined times or events. A transfer of acquired 
machine state data is then initiated only as soon as the trace has been ended. 
As an alternative to this, there is the possibility of providing an "endless" trace 
functionality, as it is known. In this case, the trace runs as an application in the 
background and a continuous transfer of acquired data away from the working 
computer is carried out (for example to an HMI). 

[0098] A trace functionality is generally given only read access to the control 
core NCK. Write access, for example by means of a function generator, is 
inconsistent with the conventional definition of a trace functionality and, 
therefore, generally has to be added as an additional function to the usual trace 
functionality. This is necessary, for example, when a function generator and a 
trace functionality have to be implemented as an externally coupled function for 
specific automated procedures. 

[0099] A trace functionality can generally be configured offline. However, as 
soon as a trace has been initiated, the conditions in the running operation may 
not be changed. For this purpose, the trace must first be stopped or broken off. 

[0100] Possible functions for a trace in the context of the present invention are, 
for example, the commissioning of a machine, fault detection, problems with 
applications (above all in the case of complex applications with a plurality of 
channels and synchronous actions), sporadic problems relating to the running 
time of the machine, tool breakage, or logical analyses such as those from 
telescope or tachometer functions. 

[0101] Depending on the application, there is a large number of items of 
information to be acquired for the machine state data to be acquired. These 
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[0102] - system variables, drive signals, PLC flags and various types of events 
such as status, status changes or binary signals such as alarm signals, etc.; 

- access to local user program data (for example NC program, flags in the PLC 
program); 

- transferring acquired local data into suitable global variables. 

[0103] All these data, mentioned by way of example, can be used as a trigger 
for the sequence tracking or trace functionality. 

[0104] Under certain circumstances, there may be specific requirements for 
carrying out sequence tracking or trace functionality, for example in connection 
with PLC data. For access to PLC peripherals or signals or flags in a user 
program, it can be advantageous if this is possible without any influence on the 
PLC itself. Above all, access to user program data (I/O, flags, etc.), and the 
possibility of synchronizing the starting point for recording machine state data 
via a user program, is advantageous, in accordance with a further embodiment 
of the invention. Another advantageous embodiment of the invention includes 
up to 32 PLC signals, which can be monitored at the same time within the 
context of sequence tracing or trace functionality. To this end, available buffer 
data in a user program can also advantageously be stored. 

[0105] The acquisition of machine state data is advantageously carried out in a 
manner tailored to the automatic service operated. This is carried out 
particularly effectively if only the requisite items of information are acquired and 
this is done no more often than necessary. In addition, a clear distinction 
should be drawn between continuous signals and sporadic events. If possible, 
data compression is carried out during its acquisition, while taking run-time 
effects into account. The entire spectrum of machine information is acquired 
only if the purpose for which the data will be acquired is not known or defined. 
Depending on the application, preference is given, for example, to ring buffer 
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memories, in which, according to their operating principle, the oldest items of 
information or those lying furthest back are overwritten, while in the case of a 
wait-loop memory or a queue, as it is known, it is always the newest 
information that is overwritten when the wait-loop is full. 

[0106] There could be further supplementary information, for example in a time 
stamp or values from timers, etc. In the case of the analysis of the causes of 
critical errors, the sequence tracking or trace functionality will be carried out as 
independently as possible from the malfunction. This means that, during 
continued operation after a fault, data acquired before the fault will be stored 
safely, in the ideal case, every variable to be acquired in connection with the 
machine state data will be provided as a dedicated function with its own time 
characteristic, in order to keep the occurrence of data as low as possible. 



m 

[0107] According to a further advantageous refinement of the invention, the 

yp acquisition of machine state data is carried out under time control or event 

i 3 

control. In addition, an additional file or an additional archive can be generated 
O automatically, which can also preferably contain subprograms. In a trace file, a 

reference, for example a pointer, to this archive or this file is then sent. In this 
•5- way, it is possible for possible inconsistencies in connection with a manual 

SI implementation of such a function to be prevented from the start. For example, 

manual archiving can even be carried out several days after the data 
acquisition, since it is possible for the configuration already to have changed 
during this time. This can also be specified by means of a specific application, 
such that conditions do not have to be satisfied by internal interfaces. 

[0108] According to a further advantageous refinement of the present 
invention, changes in the configuration of distributed components are made 
automatically. This also applies to the acquisition and provision of available 
meta-information (data about data). The human-machine interface (HMI) can 
be used in this connection as an interface for an internal configuration. As a 
result, a simpler cost-effective expansion for new signals can also be provided, 
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by the latter being linked with sequence tracking or trace functionality in a 
straightforward way via the HMI interface (merge, as it is known). 

[0109] One possible procedure for controlling what has been outlined above 
preferably provides the following functions: 

[0110] Starting conditions (manual, NC program, PLC, synchronized, 
time-controlled, continuous or via external signals) and stop/trigger conditions 
(manual, NC program, PLC, synchronized, time-controlled, overflow from 
internal summations or via external signals). 

[01 11] Such trigger conditions are preferably to be set within certain states: 

- for example, trigger by individual bits, by a change in state variables from a 
state Z1 to a state Z2 (exactly defined state transitions) or by text instead of 
numeric codes; 

- by a trigger in the form of uniquely defined NC program commands or 
associated command numbers; 

- trigger by the nth occurrence of a predefined relevant code. 

[01 12] Nested conditions are likewise possible, such as: condition A must be 
satisfied, then condition B or condition C and, if condition E is satisfied, data 
are acquired until condition F occurs. 

[01 13] Following an accident (for example tool breakage) or a stoppage, it is 
ensured that all the necessary resources are available as far as possible, and 
as soon as data are transmitted. As soon as a critical fault has occurred, it is 
important that a condition associated with this fault is defined, so that automatic 
restarting is ruled out. 

[01 14] Suitable preparation of data is preferably carried out at the human- 
machine interface (HMI). In addition, depending on requirements, it is possible 
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to bind an application exclusively to one file. Otherwise, a serial COM link is 
possible, in order to permit blockwise access via a continuous data stream 
(without buffering in the file). Among others, three different use classes could 
and should be operated: 

1 . prepared use, such as applications of control software 
manufacturers on the human-machine interface (HMI), such as 
visualization of a sequence trace, IBN or diagnostic tools 

2. OEM user (working computer or client applications) 

3. Internet or web-based services 

[01 15] A sequence trace preferably has a structure that is open to the user. 
Open and freely accessible interfaces for the configuration include controls 
(start, stop) and analysis possibilities (data format) for OEMs. 

[01 16] According to a further advantageous embodiment of the invention, the 
display of a sequence trace is carried out in a manner comparable with a logic 
analyzer oscilloscope. This can be used to display signals from various 
sources. In addition, references to a specific program module can be 
displayed. Cursor and zoom functions are advantageously also provided. It is 
beneficial if at least four signals can be made visible at the same time. In 
addition, filters are preferably provided which permit the selection of signals. 
Furthermore, differential signals can be output or important events can be 
assigned, by which means users with little knowledge gain a better 
understanding of the information or machine state data acquired. 

[01 17] In order to ensure high robustness during the data acquisition, the 
following possibilities are particularly suitable: 

- as far as possible, data should be accessible even after a defect. 

- sudden faults during sequence tracking should not result in a data overflow, 
and suitable reactions in the case of scarce resources should be provided. 
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- after the occurrence of a fault, it is ensured that files with acquired machine 
state data cannot be deleted at a later time. 

[01 18] In the following, a further selection of possible services or data contents 
will be listed: 

[01 1 9] Machine-related services such as 

- analysis of machine operating times, failure times and capacities 

[0120] Axis analyses such as 

- individual analysis, status 

- simulation of axes 

- measurement of the amplitudes 

[0121] Fourier transformation and generation of Bode diagrams with 

- identification of eigenfrequencies 

- trend analyses 

[0122] Axis optimizations and optimizations of axis parameters such as 

- engagement speed 

- acceleration 

- jolt 

- filter 

- KV factor 

- friction compensation 

- looseness compensation 

[0123] Checking of machine data such as 

- accuracy and consistency 

- consistency of the data memories 

- consistency of functions and machine data 



Express Mail No. EL608305384US 



29 



Attorney Docket No. 1140668-0006 

[0124] Wear analysis such as 

- path accuracy 

- trend analyses 

- increasing play in the joints 

- friction problems (for example lubrication) 

- transmission problems between motors and axes 

[01 25] Monitoring of processes with, for example, 

- drive parameters 

- instantaneous utilization or capacity 

- torques 

- jolt 

- rotational speed 

- temperatures 

- trend analyses 

[0126] Machine inspections with 

- circular shape tests 

- measurements of the stiffnesses of 

- linear axes 

- C axes 

[0127] Machine calibrations with 

- feeler gage 

- single-axis calibration 

- C-axis calibration 

- workpiece measurements 

[0128] Workpiece-related services with 

- workpiece geometry 

- measurement of the track fidelity 

- trace functionality in relation to the current objective in tabular or graphical 
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[0129] Process analyses with 

- determination and documentation of the feed speed and cutting speed 

- measurement of the cutting force via, for example, 

- laser power 

- Fourier transformation and frequency observation 

[01 30] Software sales and marketing with 

- supply of new versions 

- supply of fault corrections (service packs) 

- supply of communication software and hardware for the provision of services. 

[0131] The above description of preferred embodiments according to the 
invention is given for the purpose of illustration. These exemplary embodiments 
are not exhaustive. Nor is the invention restricted to the precise form indicated; 
instead numerous modifications and changes are possible within the context of 
the technical teaching specified above. One preferred embodiment was 
selected and described in order to indicate the basic details of the invention 
and practical applications, in order to place those skilled in the art in a position 
to implement the invention. A large number of preferred embodiments and 
further modifications come into consideration in the case of specific areas of 
application. 
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